A new vanadyl(V) complex with the tridentate, pincer-type O,S,O-ligand thiobis(phenolate), tbp, was synthesized from the reaction of vanadium(IV) oxide bis(acetylacetonate), VO(acac) 2 , and 2,2 -thio-bis(4-methylphenol), H 2 tbp, in refluxing methanol in high yield. Single-crystal X-ray diffraction structure analysis revealed for VO(tbp)(acac) that the vanadium atom is octahedrally coordinated with an O 5 ,S-donor environment where the thiobis(phenolate) ligand is O,S,O-bonded to the vanadyl(V) center facially in a tridentate dinegative fashion. Cyclic voltammetric experiments carried out with its solution in dimethyl sulfoxide revealed an irreversible peak at −0.768 V (vs. Ag/AgCl) relating to the V 5+ /V 4+ reduction process.
Introduction
The element vanadium plays an important role in many biological processes. Numerous high-valent vanadium compounds have been studied for their promising insulin-mimetic effects, anticancer activity and antiviral properties [1, 2] . Two classes of vanadium enzymes, viz. vanadium nitrogenases and vanadatedependent haloperoxidases, have been found in nature so far, and their structures and properties have stimulated the search for structural and functional model compounds [3 -8] .
Furthermore, oxovanadium complexes are used in oxidation and oxotransfer catalysis [9, 10] . Alphaolefin polymerization catalyzed by some vanadium(V) complexes has been reported [11, 12] . Moreover, the role of vanadium complexes in catalytically conducted redox reactions [13, 14] , and potential medicinal applications such as the treatment of diabetes type I and type II [15] , have stimulated interest in the stereochemistry and reactivity of such compounds. In most cases the active site contains one of the two motifs VO 3+ or VO 2+ coordinated by oxygen and nitrogen atoms. The strong affinity of these two motifs towards O,Ndonor ligands is probably due to their hard acidic na-0932-0776 / 10 / 1200-1457 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com ture, and selective stabilization of these two motifs depends upon the basicity of donor atoms.
On the other hand, the chemistry of sulfur-or selenium-containing bisphenol ligands and their transition metal complexes is of interest because of their versatile structural, magnetic, catalytic and electron transfer activity [16, 17] . Such complexes serve as functional models for various biomolecules having potential ability to form one-electron oxidized phenoxyl radicals rendering catalytic oxidations of organic molecules [18 -20] . Multinuclear complexes, and especially binuclear species, were found to catalyze the oxidative deamination of primary amines [21] , providing rare examples of copper amine oxidase enzymes. Phenol-containing ligands [22 -24] have also been used in aerial oxidation of primary alcohols and amines catalyzed by Cu(II) complexes [25] attracting considerable attention in the bioinorganic chemical community because of the widespread occurrence in oxygen-dependent enzymatic oxidations.
As part of our continuing efforts to develop vanadyl (VO 3+ ) complexes with various multidentate ligands [26] , this work deals with the synthesis and structure of a new oxovanadium(V) complex of a chelating dianionic O,S,O-type thiobis(phenolate), tbp, ligand.
Experimental Section

Materials and instrumentations
Vanadium(IV) oxide bis(acetylacetonate), VO(acac) 2 , and p-cresol were purchased from Merck and used as received. Solvents of the highest grade commercially available (Merck) were used without further purification. IR spectra were recorded in KBr discs with a Bruker FT-IR spectrophotometer. UV/Vis solution spectra were recorded on a thermospectronic Helios Alpha spectrometer. Elemental analyses were carried out using a Perkin-Elmer 240 elemental analyzer. 1 H and 13 C NMR spectra of the ligand and of the complex in CDCl 3 solution were recorded on Bruker 250 and 400 MHz spectrometers, and chemical shifts are given in ppm relative to tetramethylsilane. Cyclovoltammetric experiments were performed using a Metrohm computrace voltammetric analyzer model 757 VA. Data collection for X-ray structure determination was performed on a Stoe IPDS II diffractometer.
Synthesis of 2,2 -thio-bis(4-methylphenol) (H 2 tbp)
2,2 -Thio-bis(4-methylphenol) (H 2 tbp) was synthesized according to reported procedures [33] . Yield 65 % (16 mg 
Synthesis of the complex [VO(tbp)(acac)] (1)
A methanolic solution (20 mL) of the ligand precursor H 2 tbp (2.00 mmol) was added dropwise to a methanolic solution (20 mL) of VO(acac) 2 (2.00 mmol), and the mixture was refluxed for 2 h. The resulting solution was allowed to undergo slow evaporation at r. t. After 2 d dark-violet single crystals suitable for X-ray diffraction were obtained. 
Electrochemical measurements
For cyclic voltammetry studies, a conventional threeelectrode system was used with a polished glassy carbon electrode (area 3.14 mm 2 ) as working electrode and a platinum wire counter electrode. 
X-Ray diffraction data collection and refinement
Data collection for X-ray structure determination was performed on a Stoe IPDS II diffractometer using graphitemonochromatized MoK α radiation (0.71073Å) at 293 (2) 
• , 173 frames). The data were corrected for Lorentz and polarization effects. A numerical absorption correction based on crystal-shape optimization was applied for all data [27] . The programs used are X-AREA [27] , including X-RED [28] and X-SHAPE [29] for data reduction and absorption cor-rection, and the WINGX suite of programs [30] , including SIR-92 [31] and SHELXL-97 [32] for structure solution and refinement. The hydrogen atoms were placed in idealized positions and constrained to ride on their parent atom. The last cycles of refinement included atomic positions for all atoms, anisotropic thermal parameters for all non-hydrogen atoms and isotropic thermal parameters for all hydrogen atoms. Table 1 contains the crystal data and numbers pertinent to data collection and structure refinement.
CCDC-781486 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
Results and Discussion
The thiobis(phenol) H 2 tbp was synthesized by the reaction of sulfur dichloride with p-cresol in dry petroleum ether; recrystallization of the crude product gave the desired symmetric pincer-type tridentate O,S,O-donor ligand in excellent purity [33, 34] . The oxovanadium(V) complex of this thiobis(phenolate) 1.372 (7) O21-V1-S1 76.86(8) C32-C33
1.392 (7) O1-V1-S1 175.76(11) S1-C26
1.783(4) O11-V1-S1 77.91(8) S1-C16
1.784(4) O31-V1-S1 82.27 (8) was prepared in high yield from the reaction of H 2 tbp with an equimolar amount of VO(acac) 2 in refluxing methanol during two hours (Scheme 1). The electronic spectra of the ligand and the complex (1) show very similar absorption peaks (Fig. 1) . The electronic spectrum of the complex in methanol exhibits two bands at 205 and 286 nm which may be assigned to π → π * and n → π * transitions of the ligand, respectively. There is a noticeable blue shift of the n → π * transition of the ligand upon coordination.
Description of the structures
In order to define the coordination sphere conclusively, a single-crystal X-ray diffraction study of 1 was undertaken. Crystallographic data are listed in Table 1 . A plot of the molecular structure with the atom numbering scheme adopted is shown in Fig. 2 , and selected interatomic distances and angles are summarized in Table 2. The packing of the molecules in crystals of 1 as projected onto the ac plane is shown in Fig. 3 . The unit cell contains four molecules of 1, the space group is P2 1 /c.
In complex 1 the vanadium atom is octahedrally coordinated in an O 5 S donor environment. A terminal V=O-type oxygen atom occupies an axial position at a distance of 1.588(3)Å. The OSO donor thiobis(phenolate) pincer-type ligand coordinates facially with the sulfur atom trans to the terminal V=O fragment. The two oxygen atoms of the bidentate acetylacetonate ligand occupy the remaining two sites. The equatorial VO 4 unit is far from planar. The displacement by 0.344Å of the vanadium atom from the mean plane comprising the two independent phenolate oxygen atoms O11, O21 and the two acetylacetone oxygen atoms, O31 and O33 is towards the oxo oxygen atom. The O,S,O-donor ligand forms two five-membered chelate rings with bite angles of about 77 • (O phenolat -V-S). The vanadium to oxygen bond lengths follow the order V-oxo oxygen < V-phenolate oxygen < Vacetylacetonate oxygen. The two diagonal angles O11-V-O33 and O21-V-O31, 159.21(11) and 157.54 (11) • , respectively, are significantly smaller than 180 • . This deviation from the ideal octahedral geometry may be caused by the small bite angles made by the two phenolate oxygen atoms and the tripodal sulfur atom at the vanadium atom (O11-V1-S1 = 77.91(8) and O21-V1-S1 = 76.86 (8) • ). This is again due to a remarkably longer V-S distance (2.795(1)Å). This phenomenon may be explained in terms of a trans influence of the oxo group, which occupies the other axial position at a normal distance of 1.588(3)Å [26] . The distance of the vanadium atom to the terminal oxygen atom (O1) is at the lower end of the range typically observed for oxovanadium(V) complexes [35, 36] . The short V-O1 distance thereby indicates the presence of a vanadium-oxygen double bond which is commonly found in VO 3+ complexes. The two phenyl rings in this system are planar and retain their aromaticity. The two mean planes formed by the aromatic rings intersect at an angle of about 69 • .
Electrochemical studies
Electrochemical measurements (cyclic voltammetry) were carried out to probe the redox stability of complex 1 in solution. The cyclic voltammogram in dimethylsulfoxide displays an irreversible reduction peak at −0.768 V (vs. Ag/AgCl) due to the VO 3+ -VO 2+ couple (Fig. 4) . Fig. 5 illustrates the cyclic voltammograms of complex 1 at different scan rates from 10 to 400 mV s −1 . This behavior is also diagnostic of an irreversible electron transfer process.
